I n t r o d u c t i o n . -U n t i l r e c e n t l y i t was supposed t o due t o s p l i t t i n g and s t a b i l i z a t i o n o f unusual d e f e c t s be very d i f f i c u l t t o i n t e r p r e t t h e l a t t i c e images of by mutual i n t e r a c t i o n i n t h e g r a i n boundary plane. d i s l o c a t i o n s as o b t a i n e d by e l e c t r o n microscopy. HOW-Three main types o f d i s l o c a t i o n s w i l l be discussed e v e r a new development o f t h i s technique has begun here. due t o a b e t t e r understanding o f imaging c o n d i t i o n s and a good c o n t r o l o f t h e d e f e c t geometry. The imag i n g mode ( a x i a l i l l u m i n a t i o n ) as a p p l i e d down t o a 3 p e r i o d i c i t y g i v e an image d i r e c t l y r e l a t e d t o t h e p r o j e c t e d s t r u c t u r e o f t h e o b j e c t i n g i v e n c o n d i t i o n s o f t h i c k n e s s and o f defocussing d i s t a n c e ( t h i s i s s p e c i a l l y t r u e w i t h h i g h v o l t a g e i n s t r u m e n t ) . For d i s l o c a t i o n s o r any l i n e a r d e f e c t , an easy-to-read image i s o b t a i n a b l e when t h e d i s l o c a t i o n i s s t r i
carbon c o n t e n t has n o t y e t been measured : techniques a r e b e i n g developed t o measure these s i n c e t h e carbon whose s e g r e g a t i o n i s i m p o r t a n t , may i n f l u e n c e d i s l oc a t i o n s p l i t t i n g . T h i s paper r e p o r t s t h e r e s u l t s a c t u a l l y o b t a ined about t h e s t r u c t u r a l aspects o f d i s l o c a t i o n s i n subgrain boundary, and s t r e s s e s t h e problems which remain unsolved. 
~~0_-d_j~lo_c_fit_i~n_-[FjgII2-~).-Imaging t h i s d i st i o n . The expected r e ? c t i o n scheme i s :
l o c a t i o n b y two d i f f e r e n t (1111 atomic planes, one
t r a h a l f p l a n e i s v i s i b l e on o n l y one s e t w i t h a d i s t i n c t s t a c k i n g f a u l t and no d i s c o n t i n u i t y on t h e F i g . 2 : High r e s o l u t i o n images o f d i f f e r e n t t y p e o f d e f e c t s i n germanium : (A), edge d i s l o c a t i o n ; (B) 60" d i s l o c a t i o n s p l i t i n t o two Shockley p a r t i a l s b o a r d i n g an i n t r i n s i c f a u l t ; (C), t h r e e i d e n t i c a l l y grouped Frank d i s l o c a t i o n s separated by an i n t r i n s i c and an e x t r i n s i c s t a c k i n g f a u l t . (A) and (C) taken a t 500 keV ; (B) taken a t 100 keV. A x i a l i l l u m i n a t i o n , 5 beam imaging c o n d i t i o n s i n c l u d i n g f o u r (111) d if r a c t i o n spots.
I n f a c t t h i s r e a c t i o n i s n o t e x p e r i m e n t a l l y observed.
From t h i s o b s e r v a t i o n i t can be i n f e r r e d t h a t a shuf f l e s e t w i t h no broken bonds /2/ i s t h e s t a b l e form o f t h i s d i s l o c a t i o n . As a m a t t e r o f f a c t any d i s s oc i a t i o n o f t h e s h u f f l e s e t ( F i g . 3 ) would produce
broken bonds and consequently a h i g h energy core s it u a t i o n which would counterbalance t h e decreasing e l a s t i c energy term. Furthermore t h e presence o f a seven r i n g and a f i v e r i n g i n t h i s t y p e o f s t r u c t u r e c o u l d produce a b r i g h t f o t i n t h e empty tunnel and a dark area i n t h e compact r e g i o n as observed expe- 
F i g . 4 : T e s t i n g t h e p a r a l l e l i s m o f 60' d i s l o c a t i o n i n r e s p e c t t o t h e roll] d i r e c t i o n . o a) B r i g h t f i e l d muliibeam imaging i n a 800 A t h i c k r e g i o n : t h e two dark p o i n t s i n d i c a t e a v e r y small r o t a t i o n o f t h e p a r t i a l s when viewed a l o n g t h e 5 0 1 1~d i r e c t i o n : b B r i g h t f i e l d multibeam imaging a f t e r a 3" r o t at i o n o f t h e specimen away from t h e [ O l l l d i r e c t i o n . The s t a c k i n a f a u l t i s v i s i b l e and i s ~r o . i e c t e d as a lozenge-shape (B) whose edges a r e s l i g h t j y r o t a t e d i n r e s p e c t t o t h e edge d i s l o c a t i o n (A). The r o t a t i o n a n g l e i s now measurable and i s approximately +lo
The s p l i t t i n g d i s t a n c e as deduced f r o m atomic 0 p l a n e imaging g i v e s an apparent d i s t a n c e o f 3 1 A
between p a r t i a l s . T h i s g i v e s an i n t r i n s i c s t a c k i n g f a u l t energy o f 100 ergs/cm2. T h i s r e l a t i v e l y h i g h e r v a l u e than t h a t o b t a i n e d by weak beam /5/ can be a t t r i b u t e d t o d i f f e r e n t i m p u r i t y c o n t e n t o r t o t h e method o f measurement i t s e l f ( f o r d i s c u s s i o n o f t h e
s u r f a c e e f f e c t see below).
I t has n o t y e t been p o s s i b l e t o d i s t i n g u i s h t h e g l i d e s e t and t h e s h u f f l e s e t /6/ which m i g h t appear on t h e edge p a r t i a l : however t h i s may be p o s s i b l e i f t h e p a r t i a l s remain s t r i c l y p a r a l l e l t o t h e C 0 1 1 ] d i r e c t i o n even i n a t h i n f o i l . arrangement has been i s o l a t e d on f i g u r e 2c : i t i ncludes t h r e e (111) atomic planes which s t o p a t a Frank d i s l o c a t i o n g i v i n g s u c c e s s i v e l y an i n t r i n s i c
and an e x t r i n s i c s t a c k i n g f a u l t . The s p l i t t i n g occurs i n t h e g r a i n boundary plane c o n t r a r y t o t h e 60" d i sl o c a t i o n which s p l i t s p e r p e n d i c u l a r t o t h e g r a i n bound a r y plane. This d i s l o c a t i o n arrangement i s e n t i r e l y edge i n c h a r a c t e r and completely s e s s i l e : i t accomodates m i s o r i e n t a t i o n between t h e two a d j a c e n t g r a i n s .
The s p l i t t i n g d i s t a n c e between Frank p a r t i a l s i s n o t governed b y t h e s t a c k i n g f a u l t energy angle o f m i s o r i e n t a t i o n (1-3"), b u t r a t h e r by t h e d i s t a n c e between defects.
Another grouping n o t so f r e q u e n t l y encountered, r e s u l t s from t h e f o l l o w i n g decomposition on two (111) planes :
producing always an i n t r i n s i c f a u l t c u t t i n g an e x t r i ns i c one a t an acute angle.
These p e c u l i a r d i s l o c a t i o n groupings a r e probab l y s p e c i f i c t o t i l t s u b g r a i n boundary and have never been observed i n deformed m a t e r i a l . However t h e y g i v e
an o p p o r t u n i t y t o produce c o n t r o l l e d i n t r i n s i c and e x t r i n s i c s t a c k i n g f a u l t s .
3. I n f l u e n c e o f t h e s u r f a c e of t h e f o i l . -The observ a t i o n o f l i n e a r d e f e c t s by h i g h r e s o l u t i o n microscopy i s easy i f t h e l i n e s r u n s t r i c l y p a r a l l e l
t o t h e o b s e r v a t i o n d i r e c t i o n . I n o r d e r t o f u l f i l t h i s r e q u irement t h e <011> d i r e c t i o n seems t o be t h e most approp r i a t e as even d u r i n g t h i n n i n g t h e d i s l o c a t i o n s would
have a tendancy t o s t a y and l i e along throughs o f t h e P e i e r l s p o t e n t i a l . However t h i s assumption must be checked c a r e f u l l y . F o r t h e d e f e c t whose c h a r a c t e r i s e s s e n t i a l l y s e s s i l e i t i s l i k e l y t h a t no r o t a t i o n d u r i n g t h i n n i n g would occur : such displacement would v e r y low a n g l e g r a i n boundary (0.5') and small t h i c kness where t h e s p l i t t i n g d i s t a n c e has been measured. . /7/ Hazzledine, P.Y., K a r n t h a l e r , H.P., Wintner, E., P h i l . Mag. -32 (1975) 81.
